Abstract-The main purpose of this paper is the evaluation of the Shunt Active Power Filter apparent power ratio between the apparent power generated by the source power system to the load and the compensation apparent power produced by the shunt APF to force the currents circulating toward the source to be sinusoidal and balanced. This ratio allows defining the compensations capability for different perturbations in AC power system such as current unbalance, phase shift current and undesired harmonics generated by non linear load. This capability is determined by the maximum rate of the apparent power that can be delivered. In this paper a method of evaluation of this ratio is proposed, it is based on the definition of the effective apparent power as defined in IEEE 1459-2000 which was proved to be a suitable amount to be concerned in the design process of different devices.
I. INTRODUCTION
The evolution of industrial power electrical equipments, due to the large demands and requirements of different consumers has contributed intensively into the degradation of the power quality in AC power system in a drastically manner. The proliferation of nonlinear load, unbalanced load, large single phase loads, and voltage unbalance of one or more phases can frequently occur [1] . The current distortion and/or unbalance may cause undesirable effects on the power system operation, especially when the sensitive loads are used. Furthermore, an unbalanced power system voltage can worsen drastically the power quality, practically with power electronics converters, Ac machines and other equipments. Thus the power ratings of filters and switches are increased due to the power supplied by the source. In the other side an unbalanced voltage system supplied to an AC machine generates large negative-sequence which can increase the machine losses and reduces the machine use qualification [2, 3] . A solution for the elimination of the undesired current disturbances followed toward the source or power supply is the use of The Shunt APF. A perfect power quantity and quality supply would be one that is always available, always within voltage and frequency tolerances, and has a pure sinusoidal wave shape; the deviation value from perfection which can be accepted depends on the user's application and their requirements. Users are faced extremely with the exact need for making design investment decisions about the quantity of the compensation power of the Shunt APF required to achieve the quality of power delivered from the power system source. This study will give an approach for the evaluation of the power compensation in a way to allow for the manufacturer to dimension the Shunt APF devices and to the users to get an optimum technical economical choice. Here the new definition of the apparent power is used to avoid the errors which were made in the last years when the apparent power was evaluated using classical definitions [4, 5] . In this study differently from [15] , it is supposed that the power system voltage is unbalanced. [3] [4] [5] [6] [7] [8] Active power filter (APF) is a power electronics device based on the use of power electronics inverters ( Fig. 1 and 2 ). The Shunt Active Power Filter is connected in a common point connection between the source of power system and the load system which presents the source of the polluting currents circulating in the power system lines. This insertion is realized via low pass filter such as, L, LC or LCL filters. The Shunt APF injects current components in the power system in a small amount of power by ratio of the power delivered from source to load. The compensating power can dynamically suppress the distorted current component, eliminate the components contributing in the current unbalance and make the currents circulating toward the power source to be in phase with the direct voltage sequence of the power system voltage. The result of this is that the utility currents after the compensation become sinusoidal, balanced and with the desired amplitudes and shift phase. The fundamental equation representing the principle of the shunt APF compensation is given by: 
II. SHUNT ACTIVE POWER FILTER
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III. SHUNT ACTIVE POWER FILTER APPARENT POWER
To clarify this study a general case was studied theoretically for three phase three wire systems, and then special cases which can be occur in industrial loads were derived, such as current harmonics, unbalance and/or distorted currents. Practically each case has its calculation to achieve exactly the compensation needed to improve the power quality from the source power system. The power system voltages are supposed to be unbalanced and presented by:
( ) The necessary apparent power which responds to the load requirement is [10] [11] [12] [13] [14] [15] [16] [17] [18] :
Where e I is the effective current defined as follow: 
So the effective current of the fundamental component is:
The effective voltage of the power system is: The apparent power is then: • A component due to the fundamental positive component of current, it is the one generated by the power system to the load. This power is given by:
e e e I V S (15) • A component due to the negative and zero components of the current, it is the one responsible of the unbalance and distortion in the load side. The Shunt APF must produce and inject this power to eliminate the unbalance and distortion of the current absorbed from the source of the power system. This power is given by: vo lt ag e fa ct or u n ba la nc e p ha se b C u r r e n t fa c t o r u n b a la n c e p h a s e a Ie1+/IM This leads to the apparent power responsible of the unbalance in the load currents: It can be written as:
The power responsible of different harmonics contained in the load current is given by:
Where the effective harmonic current is:
From equations (09) and (21) equation (24) can be written as: Finally in order to achieve a unite power factor in the source, the reactive power needed by the load have to be canceled from the fundamental components of voltage and current. Thus the Shunt APF has to generate the apparent power needed so that the voltages in the three phases have the same shift phase angles as the currents absorbed from the source by the load in the corresponding three phases. The following schematics shows the case of phase a. 
The currents needed to achieve the elimination of the reactive power to be absorbed from the power system The total apparent power necessary to achieve a good compensation is then calculated by: The apparent power ratio of the Shunt APF can then be written by the following expression:
Where:
R gives a clear idea of the Shunt Active Power filter dimension to fulfill the desired compensations, it can also be used in the process design of the devices used in this compensators. In this study the loses due to the devices operations such as the switching lose of static switches weren't taken into account, as it is neglected beyond the apparent power needed for the compensation.
IV. EVALUATION OF THE APPARENT POWER RATIO OF THE SHUNT ACTIVE POWER FILTER WITH DISTURBANCES OF PARTICULAR CASES
The following cases give examples of the apparent power ratio of the Shunt APF in special cases of disturbances in three phase three wire AC power system. It is supposed in these cases that the power system voltages are balanced.
Case I: one phase unbalanced load. The following values are taken to calculate the different parameters used in the evaluation of the power ratio: It give a clear image about the effect of the unbalance in the load current, when this ratio is near to unit, the compensation apparent power of the Shunt APF is near to zero and the compensation needed is minimal. C u rr en t sh if t ph as e u n b a ln ce p ha se a c u r r e n t f a c t o r u n b a ln c e p h a s e a Power ratio R It is clear that R depends only on p R . In Fig. 8 and 9 it is shown clearly for 1 = k (balanced load currents) that:
R is depending on
Hence no compensation is needed.
Case II: Two phase unbalanced load. The following parameters are used in the evaluation of the power ratio:
It is clear in Fig. 10 that the power ratio equals 0 for
, this means no compensation is needed for balanced power system voltages and balanced linear load currents. This value is maximal when the currents of phases b and c are nil, in this case the power compensation needed from the Shunt APF is nearly twice the power produced from the power system to make the power system currents to be balanced, these results are given with linear loads, but such constraints are so far from practical cases and leads the shunt APF to be useless. The positive sequence power ratio in this case is given by: Cu rr en t fa ct or un b al an ce ph as e a C u r r e n t f a c t o r u n b a la n c e b Power Ratio R From (57) and (59) These results can be shown clearly in Fig. 10 and 11.
Case III: One phase unbalanced with non linear load.
The following values are taken to calculate the different parameters used in the evaluation of the power ratio: This value is maximal when the current of phases is nil and σ equals to unit, in this case the power compensation needed from the Shunt APF is greater than the power produced from the power system to improve the quality of the currents circulating toward the power system to be balanced. It is clear that these results are given with non linear loads with the same high level harmonics distortion in the three phases, but such constraints are so far from practical cases ( where 1 σ ) and leads the shunt APF to be useless. The same remark can be noticed for the positive sequence power ratio as in case I which is presented by: 
It is depending on the quality of the non linear load. This presents the curve where the factor unbalance is equal to unit. Cu rr en t TH D C u rr en t fa c to r in b a la n ce p h a se a Power Ratio R C ur re nt T H D C u rr e n t fa c t o r u n b a la n c e p h a s e a R0 Fig.13 . R0 when one phase unbalance current is occurred for non linear load.
IV. AN OPTIMAL EVALUATION OF THE SHUNT ACTIVE POWER FILTER APPARENT POWER RATIO
For a given characteristics of the load, the apparent power ratio can be evaluated using its constraints, furthermore,
an optimal values can be obtained where R is the function to be minimized. Indeed R is depending on several variables presenting the parameters of the load and power system voltages. For the power system voltages the variables are: 
VI. CONCLUSION
This paper deals with the evaluation of the Shunt Active Power Filter apparent power ratio which contributes in the determination of the used devices dimensions. This obtained value defining the needed compensating apparent power for special loads or special consumer needs, the objective is to avoid over or/and under dimensions. This is important for the manufacturers and users to minimize economically the burdens of production and the use of such equipments. This study shows the errors which were made for the evaluation of the apparent power to dimension these equipments using the classical definitions those are correct for sinusoidal balanced systems of voltages and currents. The definition of the equivalent or effective apparent power is used to avoid the errors mentioned. The main aim is to evaluate the optimal apparent power ratio following to the approach presented in this paper. It is important to clarify that the evaluation of the equipments needed by the users is determined by the constraints of the loads to be fed and also by the constraints of the power system source constraints. The approach given in this paper can achieve this aim.
